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(57) ABSTRACT

The disclosure provides a thin film transistor (TFT) array
substrate provided with a display area and a bending area,
including a substrate layer and a functional layer disposed
on the substrate layer, wherein the functional layer includes
aplurality of insulating layers and a plurality of metal layers.
In the bending area, the metal layers include a first metal
layer, a second metal layer, and a second gate layer. The first
metal layer is disposed on a side end of a filling layer and
connects to the second gate layer by a through hole. The
second metal layer is disposed on an insulating layer on an
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1
TFT ARRAY SUBSTRATE AND DISPLAY
PANEL

FIELD

The present disclosure relates to the field of flat display
technologies and, more particularly, relates to a thin film
transistor (TFT) array substrate and a display panel.

BACKGROUND

With continuous development of display technologies,
flat display panels have gradually become mainstream of
display devices. Among them, organic light-emitting diode
(OLED) display panels in industry gradually replace liquid
crystal display (LCD) panels and have become next-genera-
tion display panels because of their advantages such as
lightweight, self-luminescence, wide viewing angles, low
driving voltage, high luminescence efficiency, low power
consumption, and fast response times.

Furthermore, in addition to the above advantages, OLED
display panels have another extremely important property:
bendability. Bendability brings a unique advantage to OLED
devices in terms of portability and therefore has become a
focus of research and development in the industry.

Take flexible and bendable active-matrix organic light-
emitting diodes (AMOLEDs) as an example. A low tem-
perature polysilicon (LTPS) process applied thereto gener-
ally contains ten to fifteen steps. Compared with rigid
AMOLEDs, flexible AMOLEDs need two to three more
steps in a process for forming masks. Because in flexible
AMOLED:s, a periphery of a bending area in a non-display
area has low stress resistance and bad flexibility, those two
to three more steps are to define two deep holes in a
non-organic thin-film functional layer by lithography and
dry etching, and the deep holes extend from top to bottom
of the non-organic thin-film functional layer. Then, an
organic polyimide material with good flexibility is filled in
the deep holes to form a filling layer, thereby improving
bendability of the flexible AMOLEDs.

As shown in FIG. 5 and FIG. 6, schematic structural
views of a thin film transistor (TFT) array substrate applied
to conventional flexible AMOLEDs are shown. In FIG. 5
and FIG. 6, the TFT array substrate defines a display area
100" and a bending area 110'. Typically, a TFT device
functional layer is disposed in the display area 100, and a
metal layer, which is configured to form multiple data lines
and multiple Vdd lines, is disposed in the bending area 110'.
The data lines are generally implemented by a first metal
layer 104' configured to form a source/drain in the display
area 100', and the Vdd lines are generally implemented by
a second metal layer 106'.

According to a usual practice of the LTPS process in the
industry, referring to FIG. 5 to FIG. 8, in the bending area
110" at a periphery of a display panel, the filling layer 102'
made of the organic polyimide material forms two sym-
metrically disposed side ends covering a portion of a top
periphery of the first deep hole, as shown in a position 130'
in FIG. 5 and FIG. 7. The first metal layer 104' may remain
on a periphery of the filling layer 102', thereby resulting in
a short circuit. To prevent the above situation, the most
popular method is disposing a transit position of the first
metal layer 104', which is configured to form data lines in
the bending area 110', on a covering area of the side end of
the filling layer 102', wherein only one filling hole is defined
in the transit position.
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However, there is a problem in the above structure. As
shown in the position 130" in FIG. 7, a middle portion of the
position 130" protrudes because two sides of the filling layer
102" are provided with an opening, resulting in not only
difficulty in releasing bending forces, but also risks of
breakage of lines when the first metal layer 104' is etched in
a subsequent process. Specifically, the middle portion of the
position 130' is a position 150' circled in FIG. 8.

Consequently, it is necessary to develop a novel TFT array
substrate to overcome defects in the conventional technol-

ogy.
SUMMARY

One aspect of the present disclosure is to provide a TFT
array substrate. A bending area of the TFT array substrate
has a new structure of a metal line layer, which prevents a
first metal layer from passing between two openings of a
filling layer in the bending area, thereby effectively reducing
risks of breakage of lines because of over etch.

Technical solutions provided by the present disclosure are
described as follows.

A TFT array substrate, provided with a display area and
a bending area, including a substrate layer and a functional
layer disposed on the substrate layer, wherein the functional
layer includes a plurality of insulating layers and a plurality
of metal layers. wherein a deep hole is defined in the
functional layer in the display area, a filling layer is disposed
in the deep hole, and a side end at top of the filling layer
protrudes from a periphery of the deep hole. In the bending
area, the metal layers include a first metal layer, a second
metal layer, and a second gate layer, and the insulating layers
of the functional layer are disposed between the second gate
layer, the first metal layer, and the second metal layer. The
first metal layer is disposed on the side end of the filling
layer and is connected to the second gate layer by a through
hole, and the second metal layer is disposed on an insulating
layer on an outer side the first metal layer.

Furthermore, in other embodiments, the metal layer in the
bending area includes a first gate layer, a gate insulating
layer is disposed between the first gate layer and the second
gate layer, and the insulating layer disposed between the
second gate layer and the first metal layer is an interlayer
dielectric layer. In other embodiments, the interlayer dielec-
tric layer can be a double-stacked structure including a first
interlayer dielectric layer and a second interlayer dielectric
layer. Typically, the insulating layer disposed between the
second gate layer and the first metal layer is the second
interlayer dielectric layer, but is not limited thereto.

Furthermore, in other embodiments, the insulating layer
disposed between the first metal layer and the second metal
layer is a first planarization layer, and the side end of the
filling layer covers a portion of the interlayer dielectric layer.

Furthermore, in other embodiments, the second metal
layer is connected to the first gate layer by the through hole.

Furthermore, in other embodiments, a transfer metal layer
is disposed between the second metal layer and the first gate
layer, the second metal layer is connected to the transfer
metal layer by the through hole, and the transfer metal layer
is connected to the first gate layer by the through hole.
Preferably, the transfer metal layer is formed from the first
metal layer that is patterned.

Furthermore, in other embodiments, the functional layer
in the bending area includes a buffer layer, the buffer layer
is disposed on the substrate layer, and the filling layer
penetrates the buffer layer and reaches the substrate layer.
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Furthermore, in other embodiments, the substrate layer
includes a polyimide layer and a barrier layer disposed on
the polyimide layer, and a bottom of the filling layer
penetrates the barrier layer and reaches a surface of the
polyimide layer.

Furthermore, in other embodiments, in the bending area,
an insulating layer disposed between the first metal layer and
the second metal layer is a first planarization layer, and a
second planarization layer covers the second metal layer.

Furthermore, another aspect of the present disclosure
provides a display panel, including the above TFT array
substrate.

Furthermore, in other embodiments, the display panel is a
flexible active-matrix organic light-emitting diode (AMO-
LED) display panel.

Regarding the beneficial effects: the present disclosure
relates to a TFT array substrate having a novel structure of
lines in a bending area. In the bending area, lines on a first
metal layer are disposed on a position where lines of the
second metal layer are originally disposed, and a position
where the lines on the first metal layer are originally
disposed is filled with a first planarization layer. Therefore,
the lines of the first metal layer do not pass between two
openings of a filling layer, and a problem that lines are prone
to breakage is prevented.

DESCRIPTION OF DRAWINGS

The accompanying figures to be used in the description of
embodiments of the present disclosure or prior art will be
described in brief to more clearly illustrate the technical
solutions of the embodiments or the prior art. The accom-
panying figures described below are only part of the embodi-
ments of the present disclosure, from which those skilled in
the art can derive further figures without making any inven-
tive efforts.

FIG. 1 is a sectional structural view showing a TFT array
substrate provided by an embodiment of the present disclo-
sure.

FIG. 2 is a structural plan view showing a bending area of
the TFT array substrate in FIG. 1.

FIG. 3 is a sectional view taken along line A-A in FIG. 2.

FIG. 4 is a sectional view taken along line B-B in FIG. 2.

FIG. 5 is a schematic structural view showing a metal
layer in a conventional TFT array substrate.

FIG. 6 is a schematic structural view showing a second
layer in the conventional TFT array substrate in FIG. 5.

FIG. 7 is a structural plan view showing a bending area of
the conventional TFT array substrate in FIG. 5.

FIG. 8 is a sectional view taken along line A'-A' in FIG.
7.

DETAILED DESCRIPTION

Technical solutions of a TFT array substrate and a display
panel provided by the present invention are further described
below in conjunction with accompanying drawings and
embodiments.

Refer to FIG. 1. An embodiment of the present disclosure
provides a TFT array substrate defined with a display area
100 and a bending area 110.

The TFT array substrate includes a substrate layer 101
having two polyimide substrates, namely a polyimide layer
and a barrier layer; however, a structure of the substrate
layer 101 is not limited thereto. A buffer layer 1011 is
disposed on the substrate layer 101.
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In the display area 100, the buffer layer 1011 includes a
TFT device functional layer including a plurality of metal
layers and a plurality of insulating layers. The metal layers
include an active layer 103, a first gate layer 105, a second
gate layer 107, and a first metal layer 104 which is config-
ured to form a source/drain layer. The insulating layers are
disposed between different metal layers. Specifically, the
insulating layers include a first gate insulating layer 1031, a
second gate insulating layer 1032, a first interlayer dielectric
layer 1051, and a second interlayer dielectric layer 1071.
The above metal layers and insulating layers may be a
single-layer structure or a stacked-layer structure according
to requirements. A passivation layer may be further disposed
on the first metal layer 104 to prevent moisture from entering
the first metal layer 104, thereby solving a problem of short
lifetime because of moisture erosion.

Furthermore, a first planarization layer 1091 and a second
planarization layer 1092 are further disposed on the second
interlayer dielectric layer 1071, and a second metal layer 106
and an anode metal layer 109 are disposed within the above
two planarization layers. The second metal layer 106 and the
anode metal layer 109 are connected by a through hole, and
the second metal layer 106 and the first metal layer 104 are
connected by the through hole.

However, a structure in the bending area 110 is different
from a structure in the display area 100 because its bending
function needs to be realized. A filling layer 102 disposed on
the buffer layer 1011 disposed on the substrate layer 101 is
filled with an organic material. Specifically, the filling layer
102 is filled with an organic polyimide material, thereby
improving bendability in a position where the filling layer
102 is disposed.

Furthermore, in the bending area 110, the filling layer 102
penetrates the second interlayer dielectric layer 1071, the
first interlayer dielectric layer 1051, the second gate insu-
lating layer 1032, and the first gate insulating layer 1031 and
extends to the substrate layer 101. Specifically, the filling
layer 102 penetrates the barrier layer in the substrate layer
101 and reaches a surface of the polyimide layer of the
substrate layer 101. However, the present disclosure is not
limited thereto.

Furthermore, the filling layer 102 is formed by filling a
deep hole, but is not limited thereto. A top opening 1022 is
formed on a surface of the deep hole, and two symmetrically
disposed side ends 1021 protrude from a periphery of the
deep hole and cover the interlayer dielectric layer. The side
ends 1021 are disposed on the second interlayer dielectric
layer 1071. The side ends 1021 and the top opening 1022
may be planarized by the first planarization layer 1091.

Furthermore, metal layers configured to form data lines or
Vdd lines are also disposed in the bending area. The metal
layers include a first gate layer, a second gate layer, a first
metal layer, and a second metal layer. Specifically, positional
relationships of the lines between the above metal layers are
respectively described below. Furthermore, in the bending
area 110, a positional relationship between the first metal
layer and the second metal layer is also a focal point of the
present disclosure and is illustrated below in conjunction
with accompanying drawings.

In the bending area, a first metal layer 1040 of the first
metal layer is generally configured to form data lines. In the
present disclosure, to overcome a problem that lines are
prone to breakage, a transposition design is applied in the
present disclosure. Specifically, a position of lines on the
first metal layer and a position of lines on the second metal
layer are exchanged.
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Refer to FIG. 1 to FIG. 4. In the bending area, a first metal
layer 1040 is disposed on one of the side ends 1021 of the
filling layer 102. The first metal layer 1040 extends into the
top opening 1022 of the filling layer 102 and electrically
connects to a second gate layer 1070 in the bending area by
the through hole. A second metal layer 1060 is disposed on
an outer side of the first metal layer 1040 in the bending area
and electrically connects to the first gate layer 1050 by a
transfer first metal layer 1041 in the bending area. Further-
more, metal layers in the bending area 110 are symmetrically
disposed at two sides of the filling layer 102.

By comparing positions of a first metal layer and a second
metal layer of the present disclosure in FIG. 1 with positions
of a first metal layer and a second metal layer of conven-
tional technology in FIG. 5 and FIG. 6, it can be seen that
a position of the first metal layer 1040 and a position of the
second metal layer 1060 of the present disclosure are
exchanged in the bending area. Specifically, a position of
lines on the first metal layer 1040 and a position of lines on
the second metal layer 1060 are exchanged. Because an
interlayer is disposed between the first metal layer and the
second metal layer, an opening is not defined beside lines of
the first metal layer after positions of the two metal layers
are exchanged. Therefore, a position between two filling
openings will not protrude, thereby effectively reducing
risks of breakage of lines because of over etch.

Furthermore, an embodiment of the present disclosure
provides a display panel, including the above TFT array
substrate.

The preferred embodiments are not intended to limit the
present disclosure, and it is understood that many changes
and modifications to the described embodiment can be
carried out without departing from the scope and the spirit
of the disclosure that is intended to be limited only by the
appended claims.

What is claimed is:

1. A thin film transistor (TFT) array substrate provided
with a display area and a bending area, comprising a
substrate layer and a functional layer disposed on the
substrate layer, wherein the functional layer comprises a
plurality of insulating layers and a plurality of metal layers;

wherein a deep hole is defined in the functional layer in

the bending area, a filling layer is disposed in the deep
hole, and a side end at top of the filling layer protrudes
from a periphery of the deep hole;

wherein in the bending area, the metal layers comprise a

first metal layer, a second metal layer, and a second gate
layer, and the insulating layers of the functional layer
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are disposed between the second gate layer, the first
metal layer, and the second metal layer; and

wherein the first metal layer is disposed on the side end of

the filling layer and is connected to the second gate
layer by a through hole, and the second metal layer is
disposed on an insulating layer on an outer side of the
first metal layer,

wherein the metal layers in the bending area comprise a

first gate layer, a gate insulating layer is disposed
between the first gate layer and the second gate layer,
and the insulating layers disposed between the second
gate layer and the first metal layer constitute an inter-
layer dielectric layer,

wherein the second metal layer is connected to the first

gate layer by the through hole,

wherein the first metal layer is not connected to the second

metal layer.

2. The TFT array substrate of claim 1, wherein the
insulating layers disposed between the first metal layer and
the second metal layer constitute a first planarization layer,
and the side end of the filling layer covers a portion of the
interlayer dielectric layer.

3. The TFT array substrate of claim 1, wherein a transfer
metal layer is disposed between the second metal layer and
the first gate layer, the second metal layer is connected to the
transfer metal layer by the through hole, and the transfer
metal layer is connected to the first gate layer by the through
hole.

4. The TFT array substrate of claim 1, wherein the
functional layer in the bending area comprises a buffer layer,
the buffer layer is disposed on the substrate layer, and the
filling layer penetrates the buffer layer and enters the sub-
strate layer.

5. The TFT array substrate of claim 4, wherein the
substrate layer comprises a polyimide layer and a barrier
layer disposed on the polyimide layer, and a bottom of the
filling layer penetrates the barrier layer and reaches a surface
of the polyimide layer.

6. The TFT array substrate of claim 1, wherein in the
bending area, an insulating layer between the first metal
layer and the second metal layer is a first planarization layer,
and a second planarization layer covers the second metal
layer.

7. A display panel, comprising the TFT array substrate of
claim 1.

8. The display panel of claim 7, wherein the display panel
is a flexible active-matrix organic light-emitting diode dis-
play panel.



